INTRODUCTION
The levels of trace metals to be found in human teeth have not yet been clearly established.
Nor has there been any study of the relationship of metals to individual differences, age differences, sex, geographical factors or to differences between teeth in the same individual that are in various stages of odontogenesis.
Information concerning the significance of metabolic and epidemiological factors is also negligible.
The reason for this may be due to the many difficulties arising during the pretreatment of specimens and counter measures taken to prevent interference and inhibition from the other elements present in teeth, before accurate quantitative analysis can be performed.
For the past several years, however, trace elements in teeth have begun to be considered as a potential index revealing the total amount of such elements injested by a subject since the initiation of odontogenesis until the time when the tooth is extracted as a specimen.
In addition, recently checks of the degree of environmental pollution that affect the human body have been made by analyzing the metal content in teeth1-3).
With this in mind, dental specimens were separated into dentine and enamel components.
Quantitative analyses4) were performed zinc and magnesium that are generally present in large quantities in these to determine the layers. Based on the results of volumetric analysis, concentration distributions and correlations among the metals were calculated.
MATERIALS
Dental specimens used in the analysis were obtained by extraction during odontorthosis. Extracted teeth were first premolars from a total of 50 boys and girls living in the Setagaya Ward in Tokyo. Table 1 shows the breakdown of the subjects by sex and age. Specimens were collected in the period between December 1977 and March 1978. This concentrate was diluted to the required concentrations. Standard magnesium solution: 1 gram of pure magnesium (99% and above) was dissolved in 100ml of hydrochloric acid (diluted 1:100) and made up to 1litre with distilled water to use as a concentrate.
Standard zinc solution: 1 gram of pure zinc (99.9%) was dissolved in 50ml of hydrochloric acid (diluted 1:3) and made up to 1litre with distilled water to use as a concentrate.
De-ionized water (hereafter referred to as "water"): Tap water was distilled in a Bursted-type distiller and passed twice through a mixed-bed ion exchange resin column for use in washing.
Water was further distilled by a two-step quartz distillation method for use in microanalysis.
20% calcium solution: 57.2 grams of calcium chloride was dissolved in 100ml of water.* Hydrochloric acid: Hydrochloric acid for heavy metal analysis was diluted to the required concentrations.
Reagents other than the above were all commercially obtained SSG, JIS special grade or those which would meet the JIS special grade for heavy metal analysis.
Apparatus
Vacuum freeze-dry asher: Model FDA-158, a fully automatic vacuum freeze-dry asher, manufactured by Yanagimoto Co., Ltd.
Atomic absorption spectrometer: Model AA-650, a double beam type atomic absorption spectrometer, manufactured by Shimazu.
Automatic pH adjuster: Model HS-2A, an automatic pH adjuster was attached to a model HM-5A pH meter, manufactured by Toa Dempa.
Pretreatment of Reagents and Method of Analysis
Dental specimens completely freed of contaminated material were washed in water and Chart 1 Pattern for the analysis of elements in human teeth specimens were further dried in a vacuum freeze-dry asher. The dried specimens were mechanically ground and then separated into dentine and enamel components5). Each of them was precision weighted. Specimens were placed in 20ml beakers and left for 24 hours after adding 5ml of 6N nitric acid. The dental specimens were dissolved by condensation over heat and concurrently metals in the teeth were converted to nitrates.
During this procedure, excess nitric acid in the reagent solution was removed by repeating the condensation procedure over heat, by adding dilute nitric acid (0.1N-0.5N).
Next the pH was adjusted to the mixture was made up to 50ml with water for use as the concentrated reagent in the metal analysis. Chart 1 shows schematically the pattern of the analysis. Quantitative analysis of zinc and magnesium was by atomic absorption spectrometry, that of calcium by gravity analysis6) and that of phosphoric acid by the Fiske-Sabbarow method7).
Metal concentrations are all expressed in terms of dry weight. Accordingly in the present study standard solutions of metals were prepared with calcium concentrations8) (35%) equivalent to the amount in teeth. In other words, pure metals were diluted to the required concentrations with a 20% calcium chloride solution as the solvent and these were used in plotting analytical curves. Analytical curves were plotted by using the measured values corrected for interference effects with a dutirium lamp. Following the above procedure, extremely good results were obtained (Fig. 1) . A similar experiment was conducted on chemical interference using phosphoric acid, but it was found that to have no effect on the quantitative analysis of magnesium and zinc9).
RESULTS
The constituent ratios of dental and skeletal structures are usually expressed by indicating the ratio of calcium to phosphorus in addition to other constituent elements. Following this precedent, concentrations of calcium and phosphrus were also measured. As is clear from Fig. 2 the range was narrow and the distribution was lognormal. From the concentration distribuitions of magnesium in enamel and dentine which were approximately symmetrical, it has been estimated that the magnesium concentration ratios in the two layers are comparatively constant. Moreover, there seems to be little magnesium metabolism in teeth so that the magnesium balance is more or less constant from the initial stages of odontogenesis.
Zinc
Zinc is another metal essential to the body and is one of the elements that is found in abundance in teeth. Zinc is known to compete with calcium on the sedimentation site on the surface of apatite11). It elevates the acid resistance of hydroxy-apatite [Ca10(PO4)6-(OH)2]12). Consequently, zinc content in teeth is the highest of all metals, and is particularly high in tooth enamel. The results of the measurement in the present study are as follows;
Compared to enamel, the concentration range of zinc in the dentine was broader (Fig. 3) . Furthermore, the concentration distribution was lognormal for both layers, but the two zinc distributions were not parallel as true for magnesium.
Hence, it is assumed that the behavior of zinc in enamel and in dentine differs.
Correlation of Metals
Some investigators may feel that judgments based on correlation coefficients should not be given a central role in an experimental study. However, others feel that coefficients obtained by statistical data processing may represent important information.
In the present study correlations were obtained from the analysis of magnesium and zinc as well as from the calcium to phosphorus ratio. Due to the small sample and because the correlation obtained was a simple correlation, the results are poor. The following consideration was made with this taken into account.
There was no correlation found between zinc and magnesium. However, a high correlation was observed between magnesium and zinc in relation to Ca/P, and in the magnesium concentration in the enamel and dentine13). Fig. 4 shows the correlation between Ca/P and Mg. The correlation was the linear regression; (significant with a risk of 5%) In addition, for Ca/P and Zn, the figures obtained were as follows; Thus magnesium and zinc possess some similarity in given functions (enzyme reaction systems and Ca reaction systems for example) as opposed to Ca/P. It has been theorized that magnesium and zinc are each dependent on calcium or phosphorus when teeth are first developing.
A correlation, however, was not obtained between magnesium and zinc, therefore, it is assumed that there is no common reaction system or dependent behavior common to both. Fig. 6 shows the correlation of magnesium concentrations between enamel and dentine. The correlation was observed as a linear regression indicating an extremely large correlation coefficient as shown below; (significant with a risk of 1%) This indicates that magnesium is an enzyme-active metal in teeth and that in both enamel and the dentine, behaves in the same manner.
In contrast, zinc competes with calcium in the enamel layer, in view of the small deposition of zinc in dentine, a correlation was not observed for zinc between enamel and dentine. This tendency was observed in the concentration distribution pattern as well (Figs. 3 and 4) . 4 . values, one may define that may be considered "abnormal" and ultimately provide invaluable information for diagnosis of dental health problems and their effects on the human body. Concentration distributions were also obtained from the measurements. Correlations between the metals have been graphed.
However, as specimens were obtained from a single geographical region and as the numbers analyzed were only 50 in total, obviously it is difficult to conclude that the result are "standard values". Nevertheless, the anthers feel that the results reveal a certain trend in the concentration distribution and correlations of zinc and magnesium.
1) Method of Analysis
For the purposes of this experiment, favorable results were obtained by using a standard solution prepared with 20% calcium chloride as the solvent and plotting analytical curves.
2) Concentration Distribution
Concentration distribution patterns of both magnesium and zinc showed a normal logarithmic distribution.
Furthermore, the concentration distribution patterns of magnesium in enamel and dentine were very similar, however, such a tendency was not observed for zinc.
3) Correlations
Ca/P and magnesium correlated highly while that of Ca/P to zinc was low. In particular, magnesium showed an extremely high correlation with both enamel and dentine.
